Env C2/V3, gag p17/p24, pol protease, and RT regions of HIV-1 isolates recently obtained from 25 HIV-1 seropositive individuals from Ho Chi Minh City (Vietnam) were studied, and genes subtypes were determined by DNA sequence analyses. Twenty-three isolates out of 25 were identified as belonging to subtype E, now recognized as circulating recombinant form 1 (CRF01 -AE). The motif at the top of the V3 loop (generally GPGQ) was then preceded by an isoleucine or a methionine (M) residue; the M residue might be a local signature of Vietnamese E isolates compared to Thai E viruses. Two isolates (8%) were shown to be intersubtype recombinants: one E/B and one CRF02 -AG(IBNG)/D. The polymorphism of pol protease was considered only for CRF01 -AE isolates and is clearly different from that recorded for B viruses with substitutions at positions 13, 35, 36, 41, 69, and 89.
H
UMAN IMMUNODEFICIENCY VIRUS TYPE 1 (HIV-1) shows remarkable genetic variation, which is the result of a high mutation rate produced by reverse transcriptase (RT) together with a rapid viral turnover. 1 Thus multiple lineages have evolved, and phylogenetic analysis of HIV-1 variants has revealed that HIV-1 can be divided into at least three distinctive groups: M (major), N (new or non-M non-O), and O (outlier). The M group is further subdivided into 11 genetic subtypes, named A through K. 2 Retroviruses are highly recombinogenic and a significant fraction of HIV-1 variants is in fact intersubtype recombinants. Furthermore some recombinants, fully functional, are referred to as "circulating recombinant forms" (CRFs).
The HIV-1 pandemic has evolved with a dramatic high velocity in Southeast Asia. 3 The first data on the prevalence and distribution of HIV-1 subtypes were obtained from Thailand, where two major subtypes, B9 and E (CRF01_AE), have been identified from either injection drug users (IDU) or persons infected through heterosexual contact. 4 Thereafter, similar surveys have been undertaken in neighboring countries. Subtype E was shown to be predominant in Cambodia, 5, 6 while various subtypes or recombinants of HIV-1 (B9, C, E, B/C) were encountered among infected persons in China. 7 In Vietnam, the first case of HIV-1 infection was identified in Ho Chi Minh City (HCMC) in 1990. 8 By December 1999, 16,193 cases of HIV-1 infection had been reported for the whole country, with 5,422 identified in HCMC. The HIV-1 epidemic in HCMC shows similarities with what occurred in Thailand a decade ago; indeed, the HIV infection was first spreading among IDU and then its rate has rapidly increased among fe-male commercial sex workers (CSW). 9 Previous studies showed that HIV-1 subtype E viruses were largely predominant in this area [10] [11] [12] but isolates of subtypes B and C have been also identified. 13 Our aim, in the present study, was first to tentatively identify HIV intersubtype recombinants in order to evaluate the prevalence of recombination, and to follow the genetic evolution of HIV-1 in Vietnam. Furthermore we analyzed the protease sequences from the 23 treatment naive patients infected with CRF01_AE strains, in order to describe the polymorphism of the pol protease gene of HIV-1 isolates in Vietnam, and to reveal the presence of natural mutations conferring resistance to antiretroviral drugs. Therefore, we carried out nucleic acid sequencing of env C2/V3, gag p17/p24, pol protease, and (in a few cases) RT regions of HIV-1 isolates from 25 individuals recruited in HCMC.
Twenty-five peripheral blood mononuclear cells (PBMCs) specimens were collected at the Center for Preventive Medicine of HCMC. Twenty patients were CSW and/or IDU and five were patients attending a sexual transmissible disease (STD) clinic (Table 1) . PBMC DNA was isolated using a lysis buffer containing detergent and proteinase K, followed by a phenol/chloroform extraction. DNA was then precipitated with 2.5 volumes of ethanol 95%, and resuspended in 100 ml of distilled water. All genes were amplified using the nested polymerase chain reaction (PCR) procedure using two sets of primers as previously described, in a GeneAmp PCR System 9700 (Applied Biosystems, Foster City, CA) thermal cycler. The outer primers for gag, RT, pol protease, and env regions were, respectively: 59-ACTCTGGTAGCTAGAGATCCCT-39 and 59-AGGGGTCGTTGCCAAAGA-3 9 (bases 578 to 600, and 2264 to 2281); 59-AGTAGGACCTACACCTGTCAAC-39 and 59-CTGTTAGTGCTTTGGTTCCTCT-3 9 (bases 2480 to 2501 and 3399 to 3420); 59-TAATTTTTTAGGGAA-GATCTGGCCTCC-3 9 and 59-GCAAATACTGGAGTATTG-TATGGATTTTCAGG-3 9 (bases 2082 to 2108 and 2703 to 2734); 59-CAGTACAATGTACACATGG-3 9 and 59-ATGG-GAGGGGCATACATTG-3 9 (bases 6955 to 6973 and 7522 to 7540). The inner primers for the gag, RT, pol protease, and env regions were, respectively: 59-GACTAGCGGAGGCTA-GAAG-39 and 59-TTTGGTCCTTGTCTTATGTCCAGAA-TGC-39 (bases 764 to 782 and 1631 to 1658); 59-TTGGT-CAUMONT ET AL. 1286 Bold amino acids (X) are associated with resistances to protease inhibitors.
TGCACTTTAAATTTTCCCA TTAGTCCTATT-3 9 and 59-CCTACTAACTTCTG TATGTCATTGACAG TCCAGCT-39 (bases 2530 to 2558 and 3300 to 3334); 59-TCAGAGCA-GACCAGAGCCAACAGCCCC-3 9 and 59-AATGCTTTTA-TTTTTTCTTCTGTCAATG GC-39 (bases 2136 to 2163 and 2621 to 2650); 59-AATGGCAGCTTAGCAGAAG-3 9 and 59-TTACAGTAGAAAAATTCCCC TC-39 (bases 7008 to 7026 and 7360 to 7381). The obtained fragments were sequenced on both strands using AB-Prism Big Dye Terminator Cycle Sequencing Kit (AB) on an automated sequencer (AB-Prism 377 sequencer).
The derived nucleotide sequences of the gag p17/p24, RT, pol protease, and env C2/V3 region were aligned by the Clustal W 1.74 multiple sequence alignment program with known reference strains of group M and N pooled from the HIV-1 gene databank (http://hiv-web.lanl.gov/). Phylogenetic trees were inferred using the neighbor-joining method from matrix of distances calculated after gapstripping of alignments, with the Kimura two parameters algorithm. GenBank accession numbers for the sequences reported in this study are AF326123 to AF326198.
Twenty-three isolates out of 25 studied were identified as CRF01_AE (Table 1 and Fig. 1) ; analyses of env, gag, and pol protease were concordant. For all but two CRF01_AE isolates, the motif at the top of the V3 loop was GPGQ; this motif was preceded by an isoleucine (I) (16/23) or a methionine (M) (7/23) residue (Fig. 2) ; the I residue is observed in Thai E subtype 14 while the M residue and valine residues (in the north part of Vietnam) have been already described for Vietnamese strains and might represent a local signature. 12, 15 Two isolates (8%) were considered as intersubtype recombinants (Figs. 1 and 3) ; one (7/00) exhibited env and RT sequences clustering with the B subtype while the pol protease sequence was close to the E subtype; the other one (12/98) had a more complicated pattern with env, pol protease, and RT clustering with the D subtype while gag analysis showed similarity with AG(IBNG). Env genes subtyping of 7/00 and 12/98 samples were confirmed by the heteroduplex mobility assay (HMA) 16 (data not shown).
These data are consistent with our previous work 13 pointing out that CRF01_AE is predominant in HCMC but other subtypes (B, C) and (in this study) other intersubtype recombinants can be observed.
The polymorphism of pol protease was considered only for CRF01_AE isolates (Fig. 4) and compared to the data available for the B subtype. The polymorphisms 13V, 35D, 36I, 41K, 69K, and 89M were the most frequently observed; among them, only the M36I mutation has been reported to contribute to resistance to protease inhibitors (PI). It is noteworthy that the polymorphism of the protease gene of Vietnamese CRF01_AE viruses is different from that recorded for B subtype isolates (17) ; amino acid changes at positions 10, 46, 63, 71, 77, and 82, which are secondary mutations of resistance to PI in subtype B isolates, were rarely or not encountered in this study. One isolate (41/00) that was considered as representative of these Vietnamese CRF01_AE field isolates was tested for its phenotypic sensitivity to PI using the recombinant viral assay Phenoscript TM (VIRalliance, France) (data not shown). This isolate, which harbored 13V, 35D, 36I, 41K, 69K, and 89M mutations in the pol protease gene, was found to be fully sensitive to indinavir, amprenavir, saquinavir, and ritonavir. Concerning nelfinavir the index value was 4.7, indicating that although it could not be considered as resistant, the isolate was not as sensitive as the reference isolate to this PI.
In summary, we have shown the dynamic process of the HIV-1 epidemic in Vietnam with regard to diversity. Several subtypes and recombinants are circulating in this country, and it is likely that the genetic diversity of HIV-1 will increase over time. Thus it is essential to continue an epidemiological survey of HIV-1 and to identify any new emerging HIV-1 strains, since these data could have potential implications for the diagnosis and medical care of Vietnamese patients.
